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I .  INTRODUCTION 


With  measurements  taken  directly  from  flash  radiographs  of  shaped- 
charge  jets  before  and  after  breakup,  quantitative  information 
describing  particulated  jet  characteristics  can  be  derived.  The 
measurements  are  used  to  calculate  such  properties  as  particle  length, 
diameter,  velocity,  mass  and  break-up  time.  It  is,  however,  a  very 
tedious  and  time  consuming  operation  to  take  the  measurements  by 
hand  and  subsequently  perform  the  calculations  at  one's  desk.  To 
alleviate  much  of  this  work,  a  method  using  digitizing  equipment  and 
a  computer  program  has  been  developed  and  is  the  subject  of  this  report. 
This  method  has  proven  to  be  very  useful,  especially  in  projects 
involving  many  rounds  and  requiring  short  tum-around  time  for 
measurements  and  computations. The  equations  used  in  the  computations 
will  be  discussed  in  the  next  section.  Appendices  for  film  reading 
procedures  and  for  the  computer  program  operation  are  included. 


II.  COMPUTATIONS  AND  EQUATIONS 

The  progreim  was  designed  to  calculate  as  many  quantities  as 
possible  with  the  data  extracted  from  radiographs.  This  includes 
individual  particlesas  well  as  the  whole  jet  measurements.  Since 
this  report  is  intended  as  a  user's  guide,  the  calculations  will 
be  described  briefly.  All  computations  are  tabulated  in  the  cutout 
with  proper  headings.  A  typical  output  is  shown  in  Appendix  R. 


All  radiographs  contain  slightly  magnified  images  of  the  particles 
of  a  shaped-charge  jet.  The  positions  of  the  particles  are  likewise 
altered  from  their  true  positions  relative  to  the  base  of  the  shaped- 
charge  liner.  This  difference  is  taken  into  account  by  the 
magnification  factor,  M,  which  is  determined  by  the  ratio  of  the 
distance,  a,  from  the  face  of  the  x-ray  tube  to  the  jet  path,  to  the 
distance,  b,  from  the  tube  face  to  the  film,  as  depicted  in  Figure  1. 
Thus,  M  =  a/b.  This  factor  is  used  in  determining  particle  lengths, 
diameters,  and  positions.  To  calculate  lengths  and  diameters,  the 
measurements  taken  from  the  particle  images  on  film  are  simply 
multiplied  by  the  magnification  factor. 

To  calculate  change  in  position  the  magnification  factor  is  used 
in  the  determination  of  a  particle's  true  position  during  a  given 
flash.  Two  cases  must  be  considered  regarding  the  film  location  in 

‘■R.  L.  Jameson,  and  H.  J.  Blisahe,  "A  Study  of  a  Light  Anti-tank 
Weapon,  "  report  in  preparation. 

Dorfman,  and  S.  K.  Golaaki,  "Eleatro  Formed  Shaped  Charge  Liner 
Evalviation,  "  report  in  preparation.  Martin  Marietta  Corp. 

Contract  #DAAK  11-77-0088. 
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the  determination  of  position.  Refer  to  Figure  1  for  the  locations 
of  the  terms  involved.  Note  that  on  all  films  the  distance,  p,  from 
the  fiducial  to  the  particle  is  positive  below  the  fiducial  and 
negative  above. 

Case  I;  Film  numbers  1  and  2. 


s  =  F  -  [(f-p)  M  ]  . 

where  s  is  the  true  position,  F  is  the  distance  from  the  shaped- 
charge  liner  base  to  the  x-ray  tube  focal  level,  f  is  the  location 
of  the  y  fiducial  relative  to  the  focal  level,  p  is  the  point  on 
the  particle  measured  from  f,  and  M  is  the  magnification  factor. 

Case  II:  Film  numbers  3  and  4 


s  =  F  +  [(f+p)  M  ]  . 

Once  the  positions  have  been  determined  for  all  flashes,  velocity  is 
calculated  by 


v 


where  s,  -  s  is  the  distance  of  jet  travel  between  the  earlier  (a)  and 
b  a 

later  (b)  flashes,  and  T,  -  T  is  the  change  in  time  between  the 
flashes.  ^ 


Break-up  time  is  determined  by  the  equation  developed  by  Simon . 

n 

=  i=l 


V,  -V 
1  n 


where  is  the  individual  particle  length,  v^^  is  the  velocity  of  the 
first  particle  and  v^  is  the  velocity  of  the  nth  particle. 


Simon,  "The  Effect  of  Explosive  Detonation  Charaateristios  on 
Shaped  Charcje  Pevformanae,  "  BEL  Memorandum  Report  2414  (1974), 

(AD  m000337L). 
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F-igure  1.  Typical  Flash  X-ray  Set-Up  Showing  Relative  Posit  ioiv> 
of  the  Apparatus 


Mass  calculations  involve  the  equation  for  the  volume  of 
a  truncated  cone.  As  described  in  Appendix  A,  points  located  around 
the  film  image  of  a  particle  outline  a  pair  of  trapezoids.  This  is  also 
shovm  in  Figure  2.  The  program  interprets  the  coordinates  of  the 
points  as  measurements  for  truncated  cones  and  applies  the  equation 
for  mass,  ra,  where 


Here,  p  is  the  density  of  the  shaped-charge  liner  material,  and  H 
are  the  heights  of  the  truncated  cones,  and  R^,  and  R^  are^the  radii. 

1  2 

Momentum  (mv)  and  kinetic  energy  (y  mv  )  are  finally  calculated 
using  velocity  and  mass  previously  computed. 

The  virtual  origin  of  the  shaped-charge  jet  is  found  l)y  fitting 
a  least-squares  line  through  the  particle  velocity/particlc  position 
data  for  each  flash.  Theoretically,  the  position  of  the  virtual  origin 
corresponds  to  a  particle  velocity  of  zero.'^ 

Tabulations  of  the  above  mentioned  quantities  are  performed  and 
listed  in  the  output  as  averages.  However,  for  the  purpose  of 
trouble-shooting,  and  to  gain  insight  into  the  accuracy  of  the 
average  computed  quantities,  velocities  between  the  flashes  and 
masses  for  each  flash  are  also  listed. • 


DiPersiOj  J.  Simon  and  A.  B.  MerendinOj  "Penetpation  of  SKaicu- 
Charge  Jets  Into  Metallia  Targets y  "  BRL  Report  1296  (196b) ^ 


(AD  if 476 7 17). 


III.  SUNWARY 


As  indicated  earlier,  this  method  quickly  yields  valuable  iiiiiii- 
mation  necessary  for  the  evaluation  of  shaped  charge  designs.  A  laigc 
number  of  radiographs  can  be  data  reduced  in  a  few  days,  whereas 
the  same  number  would  take  months  if  reduced  by  hand.  This  has  tie 
advantage  of  giving  the  shaped  charge  investigator  more  flexibilit> 
by  allowing  more  time  to  assess  designs  and  make  decisions. 

For  accuracy  considerations,  comparisons  of  some  measurements  wa  it 
made  with  other  findings,  and  an  error  estimate  of  one  measurement 
was  performed.  Velocity,  length,  diameter  and  break-up  time  calcula¬ 
tions  for  the  round  in  Appendix  E  were  compared  to  data  of  several 
similar  rounds  as  reported  by  Majerus^.  The  quantities  in  Appendix  H 
were  found  to  be  within  the  range  of  Majerus'  data.  There  is  a  problem, 
however,  with  particle  mass  calculations.  An  error  estimate  for  the 
mass  of  a  selected  particle  revealed  that  the  measurement  could  be 
incorrect  by  approximately  60%.  Several  factors  are  involved  in  this 
large  error  including  magnification  measurements,  digitizing  equipment 
accuracy,  image  clarity  and  coordinate  point  locations.  Referring 
hack  to  Figure  2,  note  that  the  group  of  points  surrounding 
the  particle  does  not  represent  a  contour  mapping  of  the  jnirticle 
shape  but  approximates  two  truncated  cone  geometries.  This  is  where 
the  largest  part  of  the  error  occurs.  Ideally,  a  much  larger  nuniher 
of  digitized  points  would  give  a  better  approximation  of  shape,  but 
the  equipment  currently  in  use  limits  the  number  to  six.  One  solution 
would  be  the  use  of  a  digitizer  with  a  rapid  and  continuous  mode  point 
reader  connected  to  a  tape  or  disc  data  storage  device.  This  would 
enable  the  operator  to  trace  the  image  of  a  particle  and  jiroduce 
a  closer  geometric  approximation.  The  computer  program  could  suhsfquentl 
be  modified  to  compute  mass  more  accurately. 


-t.  //.  Mcijerus,  "A  Model  for 
ranhig-ir,  Upon  Shaped  Charge 
(197^).  (ADmO'l[y299L) . 


utudijing  the  Influx  nn>'  r’f 
Warhead  Pepformanci’ ,  "  T'f' 
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APPENDIX  A 

PROCEDURES  FOR  PREPARING  AND  READING  RADIOGRAPHS 


The  standard  BRL  flash  radiographic  test  site  contains  holders 
for  film  cassettes,  each  cassette  containing  either  three  or  four  films. 
As  a  rule  the  films  bear  the  flash  number  and  the  film  number. 

After  developing  the  films,  they  are  arranged  according  to 
their  positions  in  the  cassettes.  The  jet  particles  are  then  numbered 
starting  with  the  jet  tip  and  working  back,  with  each  particle  having 
the  same  designated  number  for  every  flash. 

Once  the  particles  are  identified,  a  set  of  six  points,  outlining 
a  pair  of  trapezoids,  is  obtained  for  each  particle.  When 
measurements  are  taken  of  these  points,  the  configuration  will  be 
interpreted  as  a  pair  of  truncated  cones  in  order  to  calculate  mass. 
Figure  A-1  describes  the  preparation  of  the  jet  particle  images. 

The  film  reading  machine  that  is  presently  used  for  this 
procedure  is  the  Data  Reducer  099,  manufactured  by  the  Telecomputing 
Corp.  Signals  are  sent  from  the  099  to  a  digitizer,  developed  for 
BRL  by  Mr.  Donald  F.  Merritt.  The  digitizer  then  transmitts  this 
information,  in  the  form  of  data  units  per  inch,  to  a  MAI  Equipment 
Corp.  523  Gang  Summary  Unit  which  punches  the  data  onto  computer 
cards . 

The  following  procedures  will  enable  the  user  to  operate  the 
film  reading  equipment: 

1.  Insert  the  wired  circuit  board  labled  "JET",  label  down, 
into  the  connection  frame  of  the  Gang  Summary  Unit. 

2.  Load  the  Gang  Summary  Unit  feeder  with  blank  computer 
cards. 

3.  Turn  all  three  machines  on,  in  any  order. 

4.  Beginning  with  the  first  flash,  place  the  film  containing 
the  jet  tip  onto  the  lighted  reading  surface  of  the  099.  Arrange  the 
film  so  that  the  jet  is  aligned  horizontally  on  the  lighted  surface. 

The  horizontal  fiducial  should  run  parallel  to  a  line  marked  across  the 
lighted  surface  as  indicated  in  Figure  2.  This  is  the  x-direction. 

The  vertical  fiducial  will  indicate  the  y  -  direction. 

5.  By  adjusting  the  large  wheels  located  on  either  side  of 
the  console,  place  the  cursor  cross-hairs  on  the  intersection  of  the 
X  and  y  fiducial s  and  press  the  button  marked  "())"  on  the  right  of 
the  console.  This  will  assign  (0,0j  to  the  x/y  intersection. 

6.  Located  at  the  bottom-center  of  the  digitizer  console  is 
a  set  of  twelve  registers  with  star-wheel  adjustments.  Reading  from 
left  to  right,  enter  the  round  number  in  the  first  five  registers, 
film  number  in  the  seventh  and  flash  number  in  the  eleventh. 
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7.  The  frame  count  windows  in  the  center  of  the  digitizer 
console  should  read  zero  in  all  units.  If  not,  press  the  reset 
buttons  until  all  units  are  zeroed. 

8.  Position  the  other  switches  and  registers  on  the  digitizer 
console  as  indicated  in  Table  A-1. 

9.  With  the  cursor  at  (0,0),  press  the  foot  switch  repeatedly 
until  the  number  "1"  appears  in  the  frame  count  window.  This  will 
zero-out  the  memory  in  the  card  punch  machine. 

10.  To  read  a  particle  place  the  cursor  on  each  point,  beginning 
with  pj^  (Figure  A-1),  and  press  the  foot  switch  for  reading  at 

each  point.  Repeat  this  step  for  every  particle  on  the  film. 

Table  A-1.  Positions  of  Switches  and  Other  Adjustments  on  the 

Electronic  Digitizer 


SWITCH 


POSITION 


Multiplier  (x  and  y) 
Direction  (x) 
Direction  (y) 
Normal/Test  (x) 
Normal/Test  (y) 
Printer  (paper  tape) 
Punch 

Skip/Print  Constants 
Frame  Count  Advance 
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Down 

Down 

Normal 

Normal 

User's  choice 
on 

Print  (on) 
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11.  Repeat  steps  4  through  10  for  each  film. 

12.  Change  registers  seven,  film  number,  and  eleven,  flash 
number,  when  the  film  is  changed. 

13.  After  the  particles  are  read  for  all  flashes, sort  the  cards 
out  by  "reading  the  holes"  in  columns  77  through  80,  and  remove 

only  the  card  for  each  particle  that  has  punched  holes  for  a  "+" 
character  over  column  76.  This  will  be  the  sixth  (last)  card  for  the 
particle . 
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Card 


Card 


Card 
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1: 

Columns  1-5:  ICASES  -  Number  of  rounds  to  be  run. 

6-10:  LCL  -  Option  for  printing  out  the  shaped-charge 

liner  density.  Enter  1  if  print  out  is  not 
desired.  Otherwise,  leave  blank. 

2:  Case  Identifier  and  some  constants. 


Columns  1-5: 

6-10: 

11-15: 

16-20 

21-30: 

31-40: 

41-50: 

51-60: 

61-70: 

71-80: 


NROUND  -  Round  Number 

NPART  -  Number  of  jet  particles 

NFLASH  -  Number  of  flashes 

RHO  -  Shaped-charge  liner  density 

XMAGl  -  Magnification  factor  for  first  flash 

XMAG2  -  Magnification  factor  for  second  flash 

XMAG3  -  Magnification  factor  for  third  flash 

Flash  1  -  Delay  time  for  first  flash 

Flash  2  -  Delay  time  for  second  flash 

Flash  3  -  Delay  time  for  third  flash. 


3:  More  constants. 


Columns  1-10:  FOCUS  1  -  Distance  from  the  shaped-charge  liner 
base  to  the  focal  level  of  the  first  x-ray  tube. 

11-20;  FOCUS  2  -  Distance  from  the  shaped-charge  liner 
base  to  the  focal  level  of  the  second  x-ray  tube. 

21-30:  FOCUS  3  -  Distance  from  the  shaped-charge  liner 
base  to  the  focal  level  of  the  third  x-ray  tube. 


31-40: 

FIA 

Distances  of  film 

tly!» 

fiducials  to  the 

41-50: 

F2A 

I  focal  level  of  Flash  A.  Digit  is  film 

51-60: 

F3A, 

1  number  and  letter 

(A. 

B  or  C)  is  flash 

61-70 

F4A 

‘  This  also  applies 

for 

Card  4  constants 

4:  More  constants  for  fiducial  measurements. 

Columns  1-10:  FIB 

11-20:  F2B 
21-30:  F3B 
31-40:  F4B 
41-50:  FlC 
51-60:  F2C 
61-70:  F3C 
71-80:  F4C 
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Card  5:  First  particle  card.  All  particle  cards  are  identical 
in  format,  x  and  y  coordinates  are  data  units/ inch  in 
integer  form. 

Columns  1-5:  IX(1)  -  x  coordinate  of  p^ 

6-10:  IY(1)  -  y  coordinate  of  p^^ 

11-15:  IX(2)  -  X  coordinate  of  p^ 

16-20:  IY(2)  -  y  coordinate  of  p^ 

21-25;  IX(3)  -  x  coordinate  of  p^ 

26-30:  IY(3)  -  y  coordinate  of  p^ 

31-35:  IX(4)  -  x  coordinate  of  p^ 

36-40:  IY(4)  -  y  coordinate  of  p^ 

41-45:  IX(S)  -  X  coordinate  of  p^ 

46-50:  IY(5)  -  y  coordinate  of  p^ 

51-55:  IX(6)  -  x  coordinate  of  p^ 

56-60:  IY(6)  -  y  coordinate  of  p^ 

65:  L  -  Flash  number  (1,2  or  3) 

70:  IFILM  -  Film  number 
71-75:  I ROUND  -  Round  number 
77-80:  IPART  -  Particle  number 


20 


appendix  c 


PROGRAM  LISTING 


The  program  is  written  in  FORTRAN  IV  and  is  currently  on  file 
in  the  BRL  Control  Data  Corporation's  CYBER  170/7600  system. 


1 

PQPGOAM  MA IN ( input f OUTPUT tTAPeSalMPUTtTAPftaOUTPUTI 

? 

nt PENSION  SI  llOOl  iSidOOl  tSStlOOi  .VOL  1 1001  «ALIInO)  >01*  1100)  • 

MAIN 

3 

lVt(100).V2<100)«V3(100).veLllU0I.XMOSt(10O).XPC(tb0).SUPKE(l00l« 

MAIN 

4 

.iTLnC  (100)  .AXLIlOO)  tSUML(100).IX(6).tV(«l  tZX  (P )  1 7T  IP )  • 

M4  ;n 

5 

5 

3nPE*K(ia0)  .SUPPOS  (1001.01 10000 ItOOOi  >00 131. IMPS  (?) 

MAIN 

A- 

OtPCNSION  AAlZ.ai  .CC(3I  . PA (SOOl.AP  19001. SISK)  .TTK) 

COMMA 

1 

OIPENSION  SA(10).S«(10I  .SCIlOt.SOIlOl.SCdO.SFIlP)  .SLl  110)  • 

MA  IN 

7 

ISLZdOl  .SL3dO)  .ST  110)  .LI  (100)  .LXIOOI  .LSdOOt 

MAIN 

OIMENSION  PdOO)  .TOTPdOOl  .SUMOIAIlOO)  .SUPlCNIlflO)  .XOl *  1 10 0 1  .UEl v  i 

MAIN 

9 

10 

1100)  .SDCLV 1100)  .SUMOELdOOl 

MAIN 

10 

OIMENSION  XVOLI3.100I 

MAIN 

11 
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APPENDIX  D 


ALPHABETICAL  LISTING  OF  PROGRAM  VARIABLE  NAMES 


ADhLVl:  Average  change  in  velocity  between  particles. 

ADl;LV2:  Average  change  in  velocity  between  particles,  excludinj:  th 

jet  tip. 

AVDl:  Average  diameter  of  all  particles. 

AVD2:  Average  diameter  of  particles,  excluding  the  jet  tip. 

BREAK;  Break-up  time. 

DELVA:  Change  in  velocity  between  particles. 

DIA:  Diameter  of  a  particle. 

ELOD:  Length-to-diameter  ratio  of  a  particle. 

LI,  L2,  L3:  Flags  for  flashes  1,2  and  3  used  for  determining  the 
average  length,  diameter  and  mass  of  a  particle. 

P:  Momentum  of  a  particle. 

PIX,  P2X,  P3X:  Computed  x  coordinates  of  points  between  and 
p^  and  p^,  and  p.,  and  p^,  respectively. 

PlY,  P2Y,  P3Y;  Computed  y  coordinates  of  points  between  p^^  and  p^,  p. 
and  p^,  and  p^  and  p^,  respectively. 

R1 :  Radius  of  the  front  end  of  a  particle. 

R2 :  Radius  of  the  mid-section  of  a  particle. 

P3;  Radius  of  the  back  end  of  a  particle. 

SI:  Computed  distance  from  the  shaped- charge  liner  base  to  the 

back  end  of  a  particle  for  the  first  flash. 

S2:  Computed  distance  from  the  shaped-charge  liner  base  to  tlie 

back  end  of  a  particle  for  the  second  flash. 

S3:  Computed  distance  from  the  shaped-charge  liner  Ixise  to  the 

back  end  of  a  particle  for  the  third  flash. 

Summation  of  the  changes  in  velocities  between  particles, 
used  in  the  calculation  of  average  change  in  velocity. 


SDELV: 


SUMDEL: 

SUMDIA: 

SUMKE: 

SUML; 

SUMLEN : 

SUMMAS: 

TOTP: 

VI; 

V2: 

V3: 

VEL: 

VOL; 

XDIA; 

XHl: 

XH2; 

XKE: 

XL: 

XMASS: 

XVOL: 

ZX: 

ZY: 


Sunmation  of  the  changes  in  velocities  between  particKs 
excluding  the  jet  tip. 

Summation  of  the  diameters  of  all  particles,  used  to 
compute  average  diameter. 

Summation  of  all  particle  kinetic  energies. 

Summation  of  the  lengths  of  all  particles. 

Summation  of  the  lengths  of  particles  excluding  the  jet  tip 

Summation  of  the  masses  of  all  particles. 

Summation  of  the  momentums  of  all  particles. 

Velocity  computed  between  the  first  and  second  flushes. 

Velocity  computed  between  the  second  and  third  flaslies. 

Velocity  computed  between  the  first  and  third  flashes. 

Average  velocity  of  VI,  V2  and  V3. 

Summation  of  the  volumes  of  a  particle  over  all  flashes. 
Summation  of  all  particle  diameters  excluding  the  jet  tip. 
Height  of  the  truncated  cone  on  the  front  end  of  a  particle 
Height  of  the  truncated  cone  on  the  back  end  of  a  particle. 
Kinetic  energy  of  a  particle. 

Length  of  a  particle  averaged  over  all  flashes. 

Mass  of  a  particle  averaged  over  all  flashes. 

Mass  of  a  particle  for  a  particular  flash. 

X  coordinate  converted  from  data  units/inch  to  millimeters. 
Y  coordinates  converted  from  data  units/ inch  to  millimeters 


APPIi.NDIX  [•; 

OUTPUT  FROM  A  SAMPLE  lUJN 


ROUND  NUMPb'R  ??03 
LINER  DENSITY(GM/CC»-  8.9 

NAGNIFICATION  FACTOR-  .92000  .92000  ,92 

DISTANCE  FROM  LINER  BASE  TO  FOCAL  POINT (MR) 
flash  1-  914,4 

FLASH  2-  914.4 

flash  3-  914,4 

DELAY  TIMES  (MICROSEC) 
flash  1-  161.9 

flash  2-  183,1 

FLASH  3-  202.9 


< 


V 


HAWTIClK 

AVG.  VELOCITY 

TOTAL  JtT 

8  8  K  0  K  - 1 

(MM/m1C(70SEC) 

LLNGTH (88) 

1 

7.741 

30.4^3 

O.t. 

a 

7.54« 

42,00 

218,( 

3 

7.47fc 

54,87 

207,1 

4 

7.371 

77,95 

210.4 

s 

7.123 

87.68 

14]  .8 

h 

7.04G 

97,79 

14  0.7 

7 

6.‘i'l»» 

107.25 

13  0.3 

H 

110,82 

1  3  1  .  f 

y 

6.843 

116.90 

13  3, 2 

lo 

6.776 

131.93 

136.6 

1 1 

6.625 

144.04 

129.0 

12 

6.614 

149.58 

132.7 

13 

6.501 

163.09 

131 

14 

6.323 

178.85 

126.1 

15 

6.2<J1 

184.00 

126.8 

Ih 

6.188 

188.02 

121,0 

17 

6.163 

193,36 

122.*' 

Ih 

6.124 

201 .88 

124.6 

ly 

5. <161 

214.28 

118.7 

?0 

5.H«P 

226,25 

1  66 . 6 

21 

6.772 

2  4  3 , 7  4 

16  3.  r 

2^ 

5.613 

?''2.2'i 

23 

5.43? 

?78. 1 1 

1  6  f  .  ‘ 

24 

S.2U6 

288,03 

n  7  .r 

2^ 

5.247 

?9rt,54 

119.7 

2h 

5. 16,0 

310.01 

12  0,8 

27 

5.075 

321.11 

12  0.4 

2h 

4.044 

331 .04 

1  1  6  .  - 

ft'-i 

4.84? 

360.73 

1  21  .( 

30 

4.674 

368 .56 

1  6  11  ,  r 

31 

,  568 

376.67 

1  iM." 

32 

4.501 

394 , 4 

J  1  . 

3  3 

4.4  14 

407  ,H  7 

’  6  6.' 

34 

4.?1  3 

4  3  0. 3  3 

\  (  r  , 

JS 

4  .  OPM 

441,8- 

1  6''  .  1 

4 .046 

454,14 

1  22 

3  7 

3.873 

473.40 

166.' 

3  m 

3.6?o 

4V4 . 02 

)  '  i  .  i 

3  4 

3. *^56 

510.84 

1  ,■  6 , 1 

40 

3.3  33 

538. 7m 

j  ; 

**1 

3.177 

854,76 

\r\ 

3.066 

574.32 

12  2.8 

4  3 

?.R?2 

595.34 

36 


PAKTKlF 

VELOCITYl 

WELOC1TY2 

VtL()CITY3 

mjmrer 

<MH/m1CHOSFC) 

(M8/6>1CR0SEC) 

(PM/MIC90SfcC  » 

1 

7.773 

7,709 

7.742 

2 

7.573 

7.525 

7.550 

3 

7.463 

7.469 

7,476 

4 

7.56f 

7.150 

7.376 

5 

7.244 

6,999 

7.126 

b 

7.163 

6.926 

7,049 

7 

7.046 

6,785 

6.921 

H 

7.009 

6.766 

6,901 

Si 

6.987 

6.737 

6.86^ 

10 

6.066 

6.664 

6.779 

11 

6.728 

6.519 

6,627 

12 

6.560 

6.649 

9.613 

13 

6.555 

6.44b 

6,50? 

14 

6.370 

6.276 

6.324 

1?5 

6.325 

6.256 

6.292 

lb 

6.239 

6.135 

6.169 

17 

6.206 

6.119 

6,164 

in 

6,178 

6.068 

6.  129 

19 

6.014 

5.888 

5.9‘-3 

20 

5.950 

5.846 

5,900 

21 

5,H4Q 

5,692 

5.774 

22 

5.699 

5.524 

9.6  15 

2  3 

5,53? 

5.330 

9,439 

2i* 

5,36? 

9.226 

9.297 

2S 

5,307 

9,186 

9  ,  r-*.  6 

2fc 

5,?27 

5.108 

9,170 

27 

5,123 

5.026 

9,076 

2H 

5.020 

4.667 

4,946 

29 

5.6?3 

3.839 

4 , 6  f  5 

jO 

4.797 

4,548 

4.677 

31 

4,694 

4.479 

4.6U1 

32 

4,621 

4.376 

4.503 

33 

4,509 

4,317 

4 . 4  1  6 

34 

4,330 

4.093 

4.216 

3b 

4.?09 

3.964 

4  .(.9(1 

36 

4,179 

3.915 

4 . 0  4  O 

37 

3.979 

3.776 

3.(61 

3« 

3,767 

3.466 

3  .  (  3  3 

39 

3.699 

3.406 

3 . 5  •-  9 

40 

3,457 

3.205 

3  . 

41 

3,309 

3.046 

■».  loO 

42 

3.?53 

2.876 

3.071 

43 

?.953 

2.686 

2.625 

37 


PARTICLE 

LENGTH 

DIA. 

L/D 

MASS 

TOTAL  JtT 

NUMPEP 

(HP) 

(PMJ 

(bPAMS) 

MASS (CWAKb ) 

1 

30,9 

4.8 

6.4 

3.70 

3.7  0 

2 

11.1 

2.5 

4.4 

.29 

3.99 

3 

12.9 

2.9 

4.5 

.41 

4.40 

4 

23.1 

2.8 

8.3 

.73 

9.14 

s 

9.7 

2.9 

3.4 

.30 

5,44 

h 

10.1 

2.7 

3.7 

.31 

5.75 

7 

9,5 

2.3 

4.1 

.23 

9.97 

H 

3.6 

2.0 

1  .8 

.07 

8 , 04 

9 

6.1 

2.4 

2.6 

.14 

8.18 

10 

15.0 

2.6 

5.8 

.4H 

8,68 

11 

12.1 

2.4 

5.0 

.30 

6,97 

12 

5.=. 

2.5 

2.2 

,15 

7.12 

13 

13.5 

2.9 

4.7 

.42 

7.54 

14 

15.8 

2.5 

6.3 

.43 

7,97 

lb 

5.1 

2.2 

2.3 

.11 

8.07 

16 

4.0 

2.1 

1.9 

.07 

8.14 

17 

5.3 

2.5 

2.1 

.13 

8.28 

IW 

8.5 

2.8 

3.1 

.28 

8.9^ 

19 

12.4 

2.8 

4.4 

.40 

6.9  3 

20 

12.0 

2.3 

5.3 

.27 

9.19 

21 

17.5 

2.3 

7.7 

.4? 

9.6] 

22 

1H,5 

2.6 

7.1 

.50 

10.10 

23 

15.9 

2.6 

8.0 

.44 

10.95 

24 

9.9 

2.8 

3.5 

.3  1 

10,1-6 

2^ 

10,5 

2.7 

3.9 

.31 

11.17 

26 

11.5 

2.8 

4,9 

.31 

1  1  ,46 

27 

11.1 

3.0 

3.7 

.39 

11.66 

2a 

9.9 

2.9 

3.5 

.32 

12.20 

29 

19.7 

2.9 

8.9 

.88 

U  .07 

30 

17.8 

2.8 

8.3 

1  '  .  42 

31 

8.1 

2.9 

2.8 

.25 

13.86 

3^r 

18.3 

2.6 

7.0 

.91 

14.17 

J3 

12.5 

3.1 

4.0 

.47 

14,64 

34 

22.9 

2,8 

H,  1 

.73 

1  ^  .37 

36 

1  1  .5 

2.9 

4,0 

.39 

)9, 76 

J6 

12,3 

5,2 

3.9 

.46 

16.22 

37 

19,3 

3,0 

8.4 

,7P 

1  7.00 

3h 

20.6 

3.6 

9,8 

.96 

17.96 

39 

18.8 

3.0 

5.8 

,86 

1  6 . 6  1 

40 

27.9 

3.5 

P  ,0 

1  .49 

?(  .  11 

41 

18,0 

3.6 

4,5 

,73 

'>(  ,64 

4? 

19.5 

4.0 

4.9 

1,10 

21.94 

43 

21 .0 

3.9 

5.3 

1,24 

??.  16 

38 


HAKTICLf 

MUMBER 


MASSl 

(bRAKS) 


MASS? 

(GRAMS) 


MASS.'^ 

(GRAMS) 


1 

3.2790 

3.79J9 

? 

.2431 

.3145 

3 

.330S 

•  5462 

4 

.7037 

0,0000 

b 

.?bfi4 

.3559 

6 

.?835 

.3017 

7 

.1980 

.2652 

H 

.0653 

.0800 

9 

.1137 

,1287 

10 

.4704 

.4470 

11 

.?633 

.3399 

12 

.1232 

.1771 

13 

.3949 

,4784 

14 

.4365 

.4003 

lb 

.0947 

,0979 

lo 

.0725 

.0615 

17 

.0923 

.1691 

18 

.2072 

,3005 

19 

.2944 

.5067 

20 

.2320 

,3068 

21 

.2949 

.4822 

22 

.4670 

,4864 

23 

.4447 

.3812 

24 

.3100 

,3123 

2b 

.?b6H 

.309<* 

?6 

.3022 

,3063 

27 

.4153 

.3907 

2« 

.3499 

,3318 

29 

.6  938 

0,0000 

30 

.6149 

,5427 

31 

.3094 

,1883 

32 

.7093 

,3562 

33 

.4304 

,5044 

34 

.7279 

,6439 

36 

.  3945 

.38  30 

3b 

.4738 

,5001 

37 

.  9468 

,6912 

38 

1.2210 

,9140 

3R 

.5911 

,4527 

40 

1.8889 

l.bRi-.l 

41 

.7484 

.6758 

4? 

1.2289 

1.1217 

43 

1.3572 

1  ,]8<.9 

A, 0380 
.3044 
.3644 
.7SA7 
.?943 
.344? 
.??1G 
.0804 
.1890 
.S?S7 
.3070 
0.0000 
.37R? 
.4S10 
.  U33 
.0744 
.1431 
.?3?1 

.41  OR 
.?6?3 
.AbRR 
.S43^ 
.S?05 
.3067 
,34?R 
.334  0 
.376  T 

.6331 
.  4R?7 
.  4?46S 
.4S«4 

0 . 0  0  0  0 

•  H  <  (' 

.4  0-tl- 

,3'^4r- 
.7131 
.  7u?l 

, 

1  .  )  R^7 

•  7  3  0  j 

, 

1  .  1  bO« 


PAHTICLF 

MOMENTUM 

TOTAL  JET 

MUMBFR 

(K6-M/SEC) 

MOMENTUM 

1 

2B.67 

28.67 

'i. 

2.17 

30.83 

3 

3.09 

33.93 

4 

5.39 

39.32 

5 

2.17 

41.49 

h 

2. IB 

43.67 

7 

l.bb 

45.23 

b 

.45 

45 .68 

9 

.99 

46.66 

10 

3.2b 

49,92 

11 

2.01 

51.93 

12 

.99 

52.92 

13 

2.71 

55 . 64 

14 

2,7? 

58.36 

15 

•  bb 

59.02 

lb 

•  43 

59,45 

17 

.83 

60,28 

18 

1  .51 

61  .Tv 

19 

?.40 

64,20 

20 

1  .57 

65.77 

21 

?.40 

68.17 

2? 

?.7k 

70.9-> 

23 

?.40 

7  3.  1b 

24 

1  .b« 

74.^9 

25 

1  .64 

76.64 

2b 

1  .62 

78.26 

27 

?.00 

80,26 

2b 

1  .61 

I 

• 

X 

?9 

3.21 

85,08 

30 

?.57 

8  7,65 

31 

1.14 

88,79 

32 

?,?9 

91.07 

33 

2.0b 

93.13 

34 

3. OR 

96,23 

35 

1  .58 

97.81 

3b 

1  .BA 

99,66 

37 

3.04 

102.69 

3b 

3.48 

106.  17 

39 

2.33 

108.50 

4  0 

4.97 

1 13,48 

41 

?.33 

115.81 

42 

3.38 

119.19 

43 

3.50 

122.69 

41 


WITH  JET  TIH  W/0  TIH 

AVERAGE  PARTICLE  LENGTH  (mm)  13. B5  13.46 

AVERAGE  PARTICLE  DIAMETER  (mm)  2.8* 

AVERAGE  CHANGE  IN  VELOClTVfmm/iisec)*  12  •1?' 


42 


VIRTUAL  ORIGIN  TOR  FLASH  !»  MM 
VIRTUAL  ORIGIN  FOR  FLASH  ?=  -Hl.nJTAH  MM 
VIRTUAL  ORIGIN  FOR  FLASH  3»  -Hb  .RRh<if!S  MM 
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